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Background: Erythropoiesis-stimulating agents (ESAs) are the mainstay of anemia therapy. 
Continuous erythropoietin receptor activator (CERA) is a highly effective, long-acting ESA 
developed for once-monthly dosing. A multitude of clinical studies has evaluated the safety 
and efficiency of this treatment option for patients with renal anemia. In times of permanent 
financial pressure on health care systems, the cost-effectiveness of CERA should be of particular 
importance for payers and clinicians. 

Objective: To critically analyze, from the nephrologists' point of view, the published literature 
focusing on the cost-effectiveness of CERA for anemia treatment. 

Methods: The detailed literature search covered electronic databases including MEDLINE, 
PubMed, and Embase, as well as international conference abstract databases. 
Results: Peer-reviewed literature analyzing the definite cost-effectiveness of CERA is scarce, 
and most of the available data originate from conference abstracts. Identified data are restricted to 
the treatment of anemia due to chronic kidney disease. Although the majority of studies suggest a 
considerable cost advantage for CERA, the published literature cannot easily be compared. While 
time and motion studies clearly indicate that a switch to CERA could minimize health care staff 
time in dialysis units, the results of studies comparing direct costs are more ambivalent, potentially 
reflecting the differences between health care systems and variability between centers. 
Conclusion: Analyzed data are predominantly insufficient; they miss clear evidence and have 
to thus be interpreted with great caution. In this day and age of financial restraints, results from 
well-designed, head-to-head studies with clearly defined endpoints have to prove whether CERA 
therapy can achieve cost savings without compromising anemia management. 
Keywords: CERA, erythropoietin, anemia, cost, cost-effectiveness 

Background 

Anemia is associated with reduced quality of life, significant morbidity, and increased 
mortality. 1 Partial correction of anemia, the maintenance of stable hemoglobin (Hb) lev- 
els, and a reduced frequency of therapeutic interventions are common goals in anemia 
therapy. 2 - 3 Besides treatment of underlying diseases and compensation of iron, vitamin 
B12, or folate deficiencies, red blood cell (RBC) transfusions were traditionally used 
for the correction of anemia. 4 The introduction of erythropoiesis-stimulating agents 
(ESAs) more than two decades ago has often nearly completely replaced donation of 
RBC transfusions. 5 Today, the two major therapeutic areas for ESA treatment are ane- 
mia associated with chronic kidney disease (CKD) and anemia due to chemotherapy 
in cancer patients. 6 7 Different ESA types currently available in the European Union 
(EU) are summarized in Table 1 . 
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Table 1 Selection of ESAs, excluding "biosimilars", which are 


currently available in 


the EU 






ESA class 


ESA type 


Marketed as, 


Molecular 


Serum half-life 


[i:n-Mi-.;i-.k!i;*w /o/\ 
Bioavailability \/o) 


Periodicity of 


nir tor 






for example 


weight 


(hours)/route of 




administration 


pref illed 






(company) 


(KDa) 


du iti i nisir dtiun 








Unmodified 


Epoetin 


Procrit® (Johnson 


32-40 


8.8/IV 


30%-36% 


1-3 times/week 


6 PS 4.000 IE 


recombinant 


alpha 


& Johnson, New 




24.2/SC 






€199 


rhuEPOs 




Brunswick, NJ, USA), 












("short-acting" 




Epogen® (Amgen 












ESA) 




Inc., Thousand Oaks, 
CA, USA), Erypo® 
FS (Janssen-Cilag; 
Johnson & Johnson) 














Epoetin 


NeoRecormon® 




6.8/IV 


23%-42% 


1-3 times/week 


6 PS 4.000 IE 




beta 


(Hoffman-La 
Roche Ltd, Basel, 
Switzerland) 




1 9.4/SC 






€199 


"Long-acting" 


Darbepoetin 


Aranesp® 


40 


Z J/ 1 V 


"57°/ 


Every 1—2 weeks 


A DC Af\ ■ i _ 

4 rb 40 fig 


ESAs 


alpha 


(Amgen Inc.) 




49/SC 






€385 




CERA 


Mircera® 
(Hoffman-La 
Roche Ltd) 


60 


133/IV 
1 37/SC 


47%-S2% 


Every 2—4 weeks 


3 PS 75 u.g/ 
0.3 mL 
€606 



Notes: a MSPs correspond to published prices in Germany in 20 1 3. 8 Epoetin beta and CERA are not licensed in the United States. 

Abbreviations: ESA, erythropoiesis-stimulating agent; EU, European Union; MSP, market sales price; rhuEPOs, recombinant human erythropoietins; IV, intravenous; 
SC, subcutaneous; PS, prefilled syringes; IE, international equivalents; CERA, continuous erythropoietin receptor activator. 



Although ESA therapy can often result in dramatic ben- 
efits initially, long-term improvement in outcomes is disap- 
pointing, particularly in patients with CKD or end-stage renal 
disease. 9 Furthermore, randomized controlled trials in CKD 
patients not on dialysis, with or without diabetes, resulted in 
serious concerns about the safety of ESA therapy. 10 " 13 In addi- 
tion to more cautious and individualized ESA use, current 
trends in anemia management mainly focus on simplifying 
and economizing ESA treatment, as this kind of treatment 
still generates significant costs. 

The pegylated erythropoietin continuous erythropoiesis 
receptor activator (CERA) (methoxy polyethylene glycol- 
epoetin beta; Mircera®; Hoffman-La Roche Ltd, Basel, 
Switzerland) has a unique erythropoietin receptor binding 
kinetic, allowing for once-a-month dosing. 1415 CERA has 
been extensively tested in preclinical and clinical studies. 16,17 
In CKD patients, the safety profile of CERA and its efficacy - 
as compared to that of other ESAs, including the longer acting 
ESA analog, darbepoetin alfa (DA) (Aranesp®; Amgen Inc., 
Thousand Oaks, CA, USA) - was not always convincing. 1819 
In advanced non-small-cell lung cancer patients receiving 
chemotherapy, CERA treatment was prematurely stopped 
due to high mortality. 20 

This safety signal had significant market impact, so that 
CERA was only approved for treatment of renal anemia by 
the EU in July 2007 and by the United States Food and Drug 
Administration (FDA) in November 2007. 21 Patent disputes 



between Hoffman-La Roche Ltd, and its rival, Amgen, have 
prevented CERA importation into, or use in, the US until 
mid-2014, when patents for Amgen 's Aranesp* expire in 
most territories. 22 

The incidence and prevalence of patients with anemia 
is growing worldwide. 23 - 24 In view of increasing health care 
costs and escalating financial pressure on public and private 
payers, it is desirable to improve the cost-effectiveness of 
ESA therapy while maintaining high standards of care. 25 
Adoption of a reasonably priced ESA regimen providing 
predictable and stable Hb responses with minimal adminis- 
tration frequency should be most welcome. 

Recent data already argue that the introduction of CERA 
could offer relevant cost savings compared to a conventional 
first-generation ESA (epoetin [EPO] alpha or beta) therapy: 
firstly, the cost-effectiveness of pegylated drugs has been 
indicated in various clinical settings; 26 secondly, the nursing 
staff costs in particular are directly affected by the dosing 
frequency of the ESA. 27 " 29 Finally, a landmark study by 
Schiller et al 30 demonstrated that use of a once-monthly ESA 
to correct anemia in dialysis patients may provide substantial 
time, resource, and cost savings. 

But are these findings the simple solution to this complex 
question: can the administration of once-monthly CERA 
result in cost-effectiveness or even cost savings when com- 
pared to other available ESAs? To solve this pivotal issue 
from the clinicians' perspective, available data reporting the 
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costs associated with CERA treatment for anemia in chronic 
disease were critically reviewed by a nephrologist. 

Methods 

Search strategy 

In July 2013, electronic databases including MEDLINE® (US 
National Library of Medicine, Bethesda, MD, USA), PubMed 
(National Center for Biotechnology Information, US National 
Library of Medicine), and Embase (Elsevier Inc., Philadelphia, 
PA, USA) were queried for published literature on the definite 
or estimated costs and cost-effectiveness of CERA for anemia 
treatment. Additional studies were identified by searching 
bibliographies of related publications and using the Google 
internet search engine (Google, Mountain View, CA, USA). 
Final updated searches were undertaken in January 2014. 
Iterative searches of conference abstract databases (including 
the International Society of Nephrology [Brussels, Belgium], 
the American Society of Nephrology [Washington, DC, 
USA], the European Renal Association-European Dialysis 
and Transplantation Association [Parma, Italy], the American 
Society of Hematology [Washington, DC, USA], the European 
Hematology Association [the Hague, the Netherlands], and the 
International Society For Pharmacoeconomics and Outcomes 
Research [Lawrenceville, NJ, USA]) were conducted to find 
relevant abstracts presented between 2008 and 2013. 

The applied search terms were: "Mircera", "methoxy 
polyethylene glycol epoetin-beta", "continuous erythropoiesis 



receptor activator", or "CERA"; and "anemia", "anaemia", 
"haemoglobin", or "hemoglobin" and "cost", "costs", or 
"cost-effectiveness". 

Study selection 

Inclusion criteria were: 1) language of publication restricted 
to English; 2) studies or trials relating to costs and the 
cost-effectiveness of CERA treatment in anemia related to 
CKD, cancer, or chronic heart failure; 3) studies published 
in peer-reviewed journals or abstracts presented at confer- 
ences of international societies; and 4) studies involving 
adult patients. 

The exclusion criteria for this study were: 1 ) non-English 
language publications; 2) studies concentrating solely 
on outcomes or quality of life without any description of 
costs or time savings associated with CERA treatment; and 
3) editorials and scholarly reviews. A flowchart of the study 
selection procedure is depicted in Figure 1. 

From the initial search of the three selected journal 
databases, 36 potentially relevant abstracts were found. 
A further eleven abstracts were included in this initial search 
from cross-referencing. Searches of the conference abstract 
databases produced 14 additional abstracts. A total of 61 
selected abstracts were reassessed and further analyzed by the 
author. Forty of the 6 1 abstracts were immediately excluded, 
as they did not fulfill the proposed inclusion criteria, or they 
were duplicates. The remaining 2 1 abstracts were analyzed 



Journal databases 
PubMed, MEDLINE, 
Embase 



Conference databases 



Bibliographies/ 
cross-referencing 



Abstracts 
identified and 
screened 



36 



14 



11 



Assessed for 
eligibility 



Total number of 
potential studies 



Number of 
studies included 
in analysis 



61 



21 



Records excluded 



40 



Records excluded 



Type of studies 
included in 
analysis 



Peer-reviewed 
journals 



Meeting 
abstracts 



11 



Figure I Flowchart of study selection procedures. 
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for relevance, with three of these excluded as they did not 
directly discuss CERA-associated costs or associated time 
savings. Eighteen papers or abstracts were finally chosen for 
discussion in this review. 

Results 

The literature query focusing on the costs and cost- 
effectiveness of CERA treatment for anemia showed a 
relative paucity of research published to date. With respect 
to the different potential indications, relevant studies were 
restricted to patient cohorts with renal anemia. 

The 1 8 selected studies can be divided into seven papers 
that were published in peer-reviewed journals and eleven 
meeting abstracts presented at conferences of international 
societies. As a matter of principle, the literature can be 
divided into one of the following groups: studies demonstrat- 
ing an increase of costs; or studies arguing for a cost reduction 
associated with CERA treatment. A further subcategorization 
of the latter selected studies was made: studies demonstrating 



definite cost reduction; studies suggesting potential cost 
reduction; and studies suggesting time reduction leading to 
a subsequent reduction of costs. 

Studies demonstrating increasing costs after a switch to 
CERA therapy are summarized in Table 2. These included 
one cost-effectiveness analysis (CEA), one cost-minimization 
analysis (CMA), and four single-center studies with predomi- 
nantly small patient numbers and limited study duration of 6 
months or 12 months, respectively. Of note, four of the six 
studies analyzed hospital-based centers. Silva et al 31 used a 
CEA and Markov model to evaluate the impact of a hypotheti- 
cal switch to CERA in Brazilian dialysis patients and found 
conventional EPO to be more cost effective for the public 
health system. The results were confirmed by a sensitivity 
analysis. Unfortunately, more detailed information regard- 
ing the treatment's cost-effectiveness (for example, median 
costs/patient/month for EPO versus CERA) was not available 
from the abstract. A CMA conducted in two Spanish tertiary 
hospitals compared EPO, DA, and CERA in CKD patients 



Table 2 Studies demonstrating increased medication costs after a switch to CERA therapy 



Study 


Design and 


Patient number, 


Duration 


Comparator 


Costs 




setting 


type, mean age 


(months) 


ESAs and 








(years) 




median doses 




Silva et al 31 


CEA, Markov model, 


NA; D 


48 


Epo, CERA 


Epo more cost-effective than CERA 


(MA) 


sensitivity analysis; 








Costs/QALY for CERA: R $72,974 (-€25.906) 




PHS; Brazil 










Escudero- 


CMA, multicenter, 


409; HD, PD, 


NA 


Epo, DA, CERA 


Median costs/patient/month 


Vilaplana et al 32 


two hospitals; Spain 


pre-D 






Epo (€ 1 03.20) versus DA (€ 1 34.40) versus 


(PRj) 










CERA (€147.50) 


Albero 


Prospective, 


17; HD 


6 


Epo SC, CERA SC 


Average costs/patient/month (months 1-5): 


Molina et al 33 


single-center, 






(I60±40 ug/month, 


Epo (€I74.30±€85.40) versus CERA 


(PRj) 


hospital; Spain 






month 1-5, 


(€290.I0±€69.00; +66.4%) 










200±95 ug/month, 


Further increase of costs for CERA at month 6: 










month 6) 


CERA (€36 1 .60±€ 1 69.30; + 1 07%) 


Tsai et al 34 


Retrospective, 


IS; PD; 50.4+1 3. 1 


6 


DA (1.51 ug/kg/ 


Costs for CERA are slightly higher (NS; P=0. 1 56) 


(PRj) 


single-center, 






month), CERA 


Average costs/patient/month: 




hospital; Taiwan 






(1.59 u.g/kg/month) 


DA NT ($4,337±$ 1,069; -€I05±€26) versus 












CERA NT ($4,775±$728; -€ 1 1 5±€ 1 7.5) 


Padulles- 


Retrospective, 


190; pre-D; 


12 


Epo beta, DA, CERA 


Higher costs after switching from Epo beta, but 


Zamora et al 35 


single-center, 


65 (range: 22-93) 




(75 u.g/month; range: 


more cost effective after switching from DA 


(PRj) 


hospital and 






50-150 ug/month) 


Average costs/patient/month: 




outpatient clinic; 








Epo beta (€86.8) versus CERA (€ 1 35. 1 0; P<000 1 ); 




Spain 








DA (€220. 1 0) versus CERA (€ 1 48.90; P<000 1 ) 


Olmos et al 36 


Retrospective, 


17; D; 70 


12 


Conventional Epo 


Higher medication costs/year for conventional 


(MA) 


single-center, 


(range: 47-85) 




(23.150 lU/month), 


Epo (US $ 1 4. 1 70; ~€ 1 0. 1 2 1 ) versus CERA 




D center; 






CERA (122 ug/ 


(US $15,000; -€10.741) 




Uruguay 






month) 


Lower total costs/year for conventional 












Epo (US $27,860; -€19.900) versus CERA 












(US $16,809; -€12.006); fewer transfusions 












and hospitalizations; better compliance 



Note: In order to enhance the comparability between the different studies, all currencies were translated into Euros (€). 

Abbreviations: CERA, continuous erythropoietin receptor activator; ESA, erythropoiesis-stimulating agent; MA, meeting abstracts; CEA, cost-effectiveness analysis; HD, 
hemodialysis; PD, peritoneal dialysis; NA, not applicable; D, dialysis; Epo, epoetin; QALY, quality-adjusted life year; R, Brazilian dollar; PRJ, peer-reviewed journal; CMA, cost- 
minimization analysis; NA, not applicable; DA, darbepoetin alpha; SC, subcutaneous; NS, not significant; NT, Taiwan dollar. 
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on and not on dialysis and found the highest median costs/ 
patient/month for CERA treatment. 32 

Overall, median ESA costs/patient under CERA treatment 
in studies demonstrating an increase in costs ranged between 
6115/month and €290/month. Exceptionally high average 
costs/patient/month of €290. l+€69.0 were demonstrated in a 
prospective analysis including hemodialysis (HD) patients. 33 
At month 6 after switching from subcutaneous EPO to sub- 
cutaneous CERA, the monthly cost/patient further increased 
to €361.6+6169.3. Only a slight but not significant increase 
in costs after switching from DA to CERA was obvious in 
a retrospective study that included 15 patients treated with 
peritoneal dialysis. 34 

Two studies reported a more subtle result related to dif- 
ferent comparator ES As or total treatment costs, respectively. 
In a mixed cohort of 190 predialysis patients, Padulles- 
Zamora et al 35 found a significant increase in costs after 
switching from EPO beta to CERA, whereas a switch from 
DA to CERA was cost effective. Of particular note, when 
comparing the observed costs with the expected costs based 
on the theoretical dosage, the authors found additional pos- 
sible savings. Lower doses than those recommended in the 
drug leaflet allowed for sufficient Hb control during the first 
3 months postswitch. 

Despite the higher medication costs associated with a 
switch from conventional EPO to CERA, the total treatment 



costs per patient and year were lower in a small cohort of 
17 dialysis patients. 36 This effect was due to fewer transfu- 
sions and hospitalizations in the CERA-treated patients. 
Reproducibility of these retrospective observational data 
is difficult, as data were obtained from a single center, and 
comparatively very high costs were reported for EPO in 
this center. 

In studies demonstrating increasing costs associated with 
CERA therapy, median CERA doses revealed a broad variation, 
with average values ranging from 75-200 ug/month. 33 " 36 

Five studies 37-41 demonstrating definite cost reduction 
with CERA compared to conventional ESA therapy are 
summarized in Table 3. Again, these are predominantly 
retrospective single-center studies including small patient 
numbers. Data were available from meeting abstracts alone, 
and to date, none of these studies was published in a peer- 
reviewed journal. 37-41 One cannot exclude that two of the 
studies analyzed an identical cohort of dialysis outpatients 
at different time points. 39 - 40 There is considerable variation 
in cost reduction, which ranges between 14%-45%, 37-41 with 
the lowest cost reductions reported in the single prospective 
multicenter study. 38 Compared to the studies that reported cost 
increases, the average CERA doses were slightly higher and 
varied between 92-228 H-g/month; however, further assess- 
ment of the cost impact related to dosing errors was not noted 
in any of the cited studies. 3M1 



Table 3 Studies demonstrating definite cost-reduction after a switch to CERA therapy 


Study 


Design and setting 


Patient number, 


Duration 


Comparator ESAs 


Costs 






type, mean age 


(months) 


and median doses 








(years) 








Miiller and 


Retrospective, single- 


26; HD; 60 


7 


Epo beta SC 


22.3% cost reduction/patient/month 


Moll 37 (MA) 


center, D center; 


(range: 46-90) 




(43.000±30.923 Ill/month), 


Cost savings: € 1 1 3/month 




Germany 






CERA IV, Q4w 


and € 1 ,356/year 










(139 |j.g/month) 




Franz et al 38 


Prospective, multicenter, 


184; HD, PD; 65 


6 


Epo alpha, Epo beta, DA, 


14% cost reduction/patient/month 


(MA) 


34 D centers; 


(range: 25-95) 




CERA (160 ug/month) 


Epo alpha, Epo beta, DA CHF 759 




Switzerland 








(-€506) versus CERA CHF 650 












(~€433) (P=0.004) 


Cynke et al 39 


Retrospective, single- 


14; D; NA 


15 


Epo beta (16.640 lU/week) 


35% cost reduction/patient/month 


(MA) 


center, D center; 






CERA (214 |ig/month) 


Epo beta CHF 1,340 (~€893) versus 




Switzerland 








CERA CHF 848 (-€565) months 1-14 












(CHF 802; -€ 533; month 15) 


Franz and 


Retrospective, single- 


14; D; NA 


5 


Epo beta (16.640 lU/week), 


45% cost reduction/patient/month 


Cynke 40 


center, D center; 






CERA (228 ug/month, 


Epo beta CHF 1,251 (~€782) versus 


(MA) 


Switzerland 






months 1-4, 169 ug/month, 


CERA CHF 921 (-€576) months 1-4 










month 5) 


(CHF 658; -€41 1; month 5) 


Echarri 


Retrospective, CEA, 


38; PD; 38, 59 


12 


DA (1 37 p_g/month) versus 


39% cost reduction/patient/year 


Arrieta 


sensitivity analysis, single- 






CERA (92 ug/month) 


DA (€5.440) versus (€3.340) 


et al 41 (MA) 


center, hospital; Spain 








Cost savings: €2. 1 00/patient/year 



Note: In order to enhance the comparability between the different studies, all currencies were translated into Euros (€). 

Abbreviations: CERA, continuous erythropoietin receptor activator; MA, meeting abstracts; D, dialysis; HD, hemodialysis; Epo, epoetin; SC, subcutaneous; IV, intravenous; 
Q4w, every 4 weeks; PD, peritoneal dialysis; DA, darbepoetin alpha; CHF, Swiss franc; NA, not applicable; CEA, cost-effectiveness analysis. 
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In all studies comparing different ESA regimens, the 
targeted Hb value, as well as the baseline and endpoint 
values for Hb and iron status (ie, transferrin saturation and 
ferritin), are critical. The available data for Hb levels are 
outlined in Table 4. The Hb targets were significantly varied 
in the studies demonstrating higher costs after switching to 
CERA, and these targets were not defined in the majority of 
studies demonstrating definite cost reduction. Furthermore, 
a lack of standardization of iron parameters was obvious 
(data not shown). 

A literature search of the conference abstract databases 
revealed four other studies that predicted the probability of 
cost savings after the introduction of CERA, or following 
the switch from a regimen with short-acting EPO to CERA 
(Table 5). 42-45 All these data were presented at European 
International Society for Pharmacoeconomics and Out- 
comes Research conferences, but they are still not available 
as regular articles in peer-reviewed journals. These studies 
include two CEAs that presented decision trees simulating 



Table 4 Reported hemoglobin levels in studies analyzing the 
cost-effectiveness of CERA 



Study 



Hb target Mean Hb during the study 
(g/dL) (g/dL) 



Studies demonstrating increased medication costs after 



switching to CERA 

Silvaetal 31 ND 
Escudero- ND 
Vilaplana et al 32 

Albero Molina I 1.0-13.0 

et al 33 

Tsaietal 34 9.0-12.0 

Padulles- 10.0-12.0 
Zamora et al 35 



Olmos et al 36 ND 



NA 
NA 

BL (I 1.6+0.6) versus 

month 6 (1 1 .5+0.9) 

BL (10.2+0.7) versus 

month 6 (10.1 + 1.4) 

BL (1 0.6V I 1.4") versus 

month 12 (I l.3 a /l l.4 b ) 

Hb > 1 2.0 under CERA treatment 

(month 3: 19% versus month 6: 

3 1 % versus month 1 2: 25%) 

Average: 9.8-1 1.0 



Study 



Hb target 
(g/dL) 



Mean Hb during study (g/dL) 



Studies demonstrating definite cost reduction after switching 



to CERA 

Mullerand Moll 3 



ND 



Franz et al 38 ND 

Cynke et al 39 ND 

Franz and Cynke 40 ND 

Echarri Arrieta I 1.0-12.0 
et al 41 



BL (10.9+1.2) versus 

month 7 (10.9+1.3) 

BL (I 1.7) versus month 6 (I 1.6) 

BL (I 1.8) versus month 15 (I 1.3) 

BL (I 1.8) versus month 5 (I 1.8) 

DA: 50.4% reached target 

CERA: 65% reached target 



Notes: a ESA naive patients: b patients that were pretreated with ESA. 
Abbreviations: CERA, continuous erythropoietin receptor activator; Hb, hemo- 
globin; ND, not determined; NA, not assessed; BL, baseline; DA, darbepoetin 
alpha. 



treatment costs for the Mexican and Ukrainian public health 
care systems, respectively, and one CMA from Poland. 42-44 
Gonzalez et al 42 estimated a slight reduction of treatment costs 
after switching to CERA from EPO alpha, with probabilities 
of 0.60 for cost savings and 0.99 for cost efficiency. Moreover, 
the hospital stay of treated patients due to Hb variations was 
reduced by 37%. 42 For the Ukrainian dialysis population, 
estimated cost savings were 5%-35%, depending on the route 
of administration. 43 Kawalec et al 44 performed a CMA from 
the perspective of the public payer for predialysis patients and 
found a cost savings of €262.4/patient over a 2-year horizon 
compared to treatment with DA. Finally, assuming that CERA 
achieves a market share of 40%, Walsh et al 45 calculated a 
possible ESA budget reduction by 15% in five EU countries 
based on a United Kingdom budget impact model. 

Three observational multicenter time and motion 
(TAM) studies predicted an average annual time savings 
of >80% assuming 100% CERA use for the treatment of 
anemia in dialysis patients (Table 6). 46Jts Of note, a sig- 
nificant overlap in the available data cannot be excluded, 
as results presented by Klatko and Felisiak 48 from three 
Polish HD centers seem to be included in a study from De 
Cock et al, 47 who incorporated a total of 20 centers from 
five EU countries. In both studies, time (but not direct 
costs) was investigated. 

Saueressig et al 46 calculated that with the adoption of 
once-monthly CERA, health care staff members' time for 
"observed" activities (including the preparation, distribution, 
injection, and ordering of ESAs) alone could be reduced by 
70%-84%, saving 24-35 working days per year for a center 
of 100 patients. When nonobserved activities are considered 
as well, once-monthly CERA could offer potential annual 
time savings of 43 days in an average German center, and 
37 days in an average UK center. Translated into monetary 
units, this could lead to an estimated reduction in annual 
costs of 58% for the German center and 35% for the UK 
center. Similar time saving ratings were confirmed by De 
Cock et al, 47 prognosticating a 67%-95% time reduction, 
depending on center size and the initial distribution of con- 
ventional ESAs. In addition, a comparison between DA and 
CERA indicated that there was still a substantial reduction 
in estimated annual time savings, ranging between 40% in 
France and 58% in Italy. 47 

Discussion 

ESAs are effective in the management of anemia, but they 
substantially add to the overall treatment costs. Simplifying 
and economizing ESA treatment is, therefore, of significant 
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Table 5 Studies predicting cost reduction with CERA treatment 


Study 


Design 


Patient number, 


Duration 


Comparator ESAs 


Costs 




and setting 


type, age (years) 


(months) 


and median doses 




Gonzalez 


CEA, on base 


NA 


NA 


Epo alpha 


Reduction of treatment costs/year: 4.53%. 


et al 42 


of decision tree; 








Average costs/patient/year: 


(MA) 


Mexico 








Epo alpha (US $2,907 [-€2.106]) 
versus CERA (US $2,776 [-€20.1 1]) 
Reduction in hospital stay due 
to Hb/Hct variation: 37% 


Bezditko 


CEA, on base 


3,400; D; NA 


NA 


Epo alpha, Epo beta, DA 


Estimated cost savings: 5%-35% 


et al 43 


of decision tree; 








Average costs/patient/week: 


(MA) 


Ukraine 








Short-acting Epo IV (US $l84-$267 
[-€l4l-€205]) versus CERA IV 
(US $173 [-€133]) 
Short-acting Epo SC (US $ 1 33-$ 1 82 
[~€ 1 02-€ 1 40]) versus CERA SC 
(US $130 [-€100]) 


Kawalec 


CMA, sensitivity 


NA; pre-D; NA 


24 


DA(IOug/week)SC, CERA 


Reduction of treatment costs/patient in 


et al 44 


analysis, public payer 






(SO ug/month) 


2 years with CERA PLN I.I 94 (-€262) 


(MA) 


perspective; Poland 








Results confirmed by sensitivity analysis 


Walsh 


Retrospective, 


2,029; pre-D, 


12 


Epo alpha (pre-D: 19.350 lU/month; 


After 5 years, increase in CERA 


et al 45 


multicenter, 


HD; NA 




HD: 35,404 lU/month), Epo beta 


use to 40% 


(MA) 


UK budget impact 
model; five EU 
countries (UK, Italy, 
Germany, Spain, 
France) 






(pre-D: 18.230 lU/month; 
HD: 36,789 lU/month), DA (pre-D: 
107 ug/month; HD: 169 ug/month), 
CERA (pre-D: 98 ug/month; 
HD: 150 ug/month) 


Reduces ESA budget by 1 5% 



Note: In order to enhance the comparability between different studies, all currencies were translated into Euros (€). 

Abbreviations: CERA, continuous erythropoietin receptor activator; ESA, erythropoiesis stimulating agent; MA, meeting abstract; CEA, cost-effectiveness-analysis; NA, 
not available; Epo, epoetin; Hb, hemoglobin; Hct, hematocrit; D, dialysis; DA, darbepoetin alpha; IV, intravenous; SC, subcutaneous; CMA, cost-minimization analysis; PLN, 
Polish Zloty; EU, European Union; HD, hemodialysis. 



importance for both payers and clinicians. The administration 
of CERA once a month could have an advantage of cost and 
time reduction. Thus, the currently published literature focus- 
ing on the cost-effectiveness of CERA in anemia treatment 
was critically analyzed. 



From the clinician's point of view, although multiple 
studies have supposedly demonstrated the clinical safety 
and efficacy of CERA, peer-reviewed literature analyzing 
the definite cost-effectiveness of CERA is scarce. Most of 
the available data originate from conference abstracts and are 



Table 6 Studies predicting a significant gain in time with CERA treatment in dialysis centers 



Study Design and setting Patient Duration Comparator Estimated annual time 

number ESAs and cost savings 



Saueressig 


Prospective, TAM method, 


1,200; NA 


Epo alpha, 


Assuming 100% CERA use once 


et al 46 (PRJ) 


multicenter, 12 HD centers; 


hypothetical 


Epo beta, 


monthly: 79% Germany, 84% UK 




Germany, UK 




DA, CERA 


Estimated cost savings: €9.798 (-58%) 
for German HD center and GBP 
6.6 15 (-35%) for UK center 


De Cock 


Observational TAM study, 


NA NA 


Epo alpha, 


Assuming 100% CERA use once 


et al 47 (PRJ) 


multicenter, 20 HD centers 




Epo beta, 


monthly: 76%-89% (depending on 




(hospital-based or ambulatory); 




DA, CERA 


center size and ESA distribution) 




France, Germany, Italy, 






For switch from DA to CERA, still a 




Poland, Spain 






substantial time savings (40%-58%) 
Cost was not investigated 


Klatko and 


Prospective, TAM study, 


NA NA 


Epo alpha, 


Assuming 100% CERA use once 


Felisiak 48 (PRJ) 


multicenter, three HD centers; 




Epo beta, 


monthly: 82%-88% 




Poland 




CERA 


Cost was not investigated 


Abbreviations: CERA, continuous erythropoietin receptor activator; ESA, erythropoiesis; 


PRJ, peer-reviewed journal; TAM, time and motion; NA, not assessed; Epo, 



epoetin; DA, darbepoetin alpha; HD, hemodialysis; GBP, Great British pounds. 
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therefore surrounded by a considerable degree of uncertainty 
and are open to biases of unknown magnitude and direction. 
Possible caveats in the interpretation of the reviewed literature 
are summarized in Table 7. In addition, it is noteworthy that 
the reviewed literature was analyzed and interpreted by a 
clinician and not a pharmacoeconomist. 

The identified literature was completely restricted to the 
treatment of anemia due to CKD. Although the majority of 
studies suggested a considerable cost advantage for CERA, the 
published literature cannot easily be compared. While TAM 
studies clearly indicate that a switch to CERA could minimize 
ESA treatment time and its subsequent costs, the results of 
studies comparing direct medication costs are more ambiva- 
lent, potentially reflecting significant differences between 
health care systems and centers. In addition, the selected 
literature presents a mix of cost estimates in European and 
non-European currencies, and despite attempts to translate 
the currency into Euros, the comparability between different 
currencies and different public health systems is not possible. 
In general, whether the studies have relied on published prices 
rather than actual market prices remains unclear. 

For the switch from short-acting to long-acting ESAs, a 
conversion guideline is mandatory. 49 " 51 Most clinicians act in 
accordance with the dose conversion referral provided by the 
manufacturer to reduce potentially harmful Hb variability. 
Due to the deficiency in the available data, it remains unclear 
whether applied dose conversion ratios were comparable 
between the cited studies. 

Furthermore, the CERA doses required to maintain 
stable Hb values over longer treatment periods seem to vary 

Table 7 Caveats for the interpretation of studies assessing the 
cost-effectiveness of CERA 

Paucity of published data 

Quality of published data unknown (results predominantly from meeting 
abstracts) 

Differences and variability between public health systems, countries, and 
centers 

Real-life studies (for example, real costs versus theoretical costs; 
published prices versus actual market prices) 

Dose conversion ratios often not comparable 

Comparability of targeted Hb values and iron parameters? 

RBC transfusions preswitch and postswitch? 

Iron, vitamin BI2, and folate supplementation during study period? 
Methodology 

CEA: are minimal requirements fulfilled? 

CMA: significance? 

TAM studies: can time savings easily be converted into cost savings 
and monetary units? 

Abbreviations: CERA, continuous erythropoietin receptor activator; Hb, 
hemoglobin; RBC, red blood cell; CEA, cost-effectiveness analysis; CMA, cost- 
minimization analysis; TAM, time and motion. 



significantly in different anemic cohorts. 39,41 ' 44,45 For example, 
in stable HD patients, a couple of studies have suggested 
decreasing CERA doses over time, whereas others argue for 
increasing dosages. 52,53 A study conducted with 52 Japanese 
HD patients showed that CERA doses decreased during a 
28-week study. 52 In contrast, the randomized comparative 
PATRONUS (comPArator sTudy of CERA and darbepOetin 
alfa in patieNts Undergoing dialySis) trial 53 conducted with 
490 HD patients demonstrated a dose increase of 6.8% after 
switching from once-weekly DA to once-monthly CERA. 

For unstable or critically ill patients in particular, estima- 
tions of the CERA dose requirements and their associated 
costs are currently unpredictable. Albero Molina et al 33 
reported a further increase in the average costs associated 
with CERA in HD patients at month 6. This is potentially 
due to the fact that treated patients were more critically ill, as 
reflected by a distinct drop-out rate during follow-up. Of the 
30 patients who began the study, 13 were withdrawn during 
the 6-month study because of "death, transplantation or a 
process that might interfere with the Hb level". 33 

Time savings that can be converted into cost reductions 
is an important reason for a clinician to switch to a long- 
acting ESA with reduced dosing frequency. 30 However, 
it is still unclear whether there really is a cost advantage 
for switching between two long-acting ESAs. Outside of 
interventional clinical studies, only limited information is 
published on switching ESA treatment from DA to CERA 
in renal anemia. In the AFFIRM (Aranesp® Efficiency Rela- 
tive to Mircera 18 ) study, 54 HD patients were switched from 
DA to CERA. The number of RBC transfusions increased 
approximately threefold from the preswitch to the postswitch 
period. In addition, compared to DA, the authors discovered 
a lower Hb response to CERA and inferior iron utilization, as 
estimated by hepcidin levels, using dosages recommended by 
the company. Unfortunately, health care resource utilization 
and cost data were not collected in this study, preventing a 
comparison of these variables between the preswitch and 
postswitch periods. 

Of note, the current literature query found cost- 
effectiveness after switching from DA to CERA in the 
majority of the studies analyzed. 35,3841 - 43 ^ t5 A total of six 
studies reported cost savings, another study by De Cock 47 
demonstrated substantial time savings, whereas only two 
authors 32,34 reported slightly higher costs for CERA compared 
to DA (median costs/patient/month of €147.5 and €105+€26 
versus €134.4 and €115+617, respectively). 32 - 34 ' 35 - 38 - 41 - 43 ^ 5 ' 47 
However, it remains unclear whether general conclusions 
can be drawn from these observations, as many patients may 
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also be successfully managed with a once-monthly dose of 

DA. 5556 

Recent randomized trials comparing target Hb 
levels > 13 g/dL with target levels of 10-12 g/dL resulted in 
serious concerns about the safety of ESA therapy in CKD 
patients not on dialysis. 10-13 Consequently, the US FDA now 
recommends using the lowest possible ESA doses with grad- 
ual increases in order to avoid the need for transfusions, but 
without exceeding Hb concentrations of 12 g/dL. 57 Although 
Hb targets were predominantly not defined, 3 1 - 32 - 36 - 37-40 or given 
that they showed a distinct variation in the analyzed studies 
(see Table 4), 33 - 35 - 41 the average baseline and endpoint Hb 
values reached above the proposed levels of 10-12 g/dL. 
A detailed declaration regarding the number of RBC transfu- 
sions administered in the preswitch and postswitch periods, 
as well as specifications regarding vitamin B12 or folate 
supplementation, are missing. 

Functional iron deficiency with low circulating iron 
and normal or increased storage iron translated into low 
transferrin saturation; moreover, normal or high serum fer- 
ritin is commonly seen in CKD patients. 58 - 59 Inadequate iron 
availability limits the response to ESA. 6 Unfortunately, all 
studies summarized in this review do not include a detailed 
description of iron administration. This lack of standard- 
ization poses a challenge and can lead to confusion when 
comparing these data. Although there are some promising 
data for CERA regarding its improvement of iron utilization, 
further studies have to prove if maximal cost-effectiveness 
after CERA switch can only be reached with optimal iron 
substitution. 3260 - 61 

In a health economic evaluation analysis of different 
health care interventions, a variety of methods can be applied 
by the investigators. 62 These methods to assess costs and 
effects between (for example) two or more ESA comparators 
should include a cost-benefit analysis, a cost-utility analy- 
sis, CEA, or CMA. 63-66 Only six of the 18 selected studies 
in this review established a CEA or CMA to evaluate the 
cost-effectiveness of CERA. 31 - 32,41 " 44 Moreover, for all of 
the studies that applied CEA or CMA, access was limited 
to abstracts and not to full-text articles. Therefore, it is cur- 
rently not possible to estimate if all obligatory requirements 
for CEAs concordant with published consensus guidelines 
were fulfilled in these studies. For example, it has been recom- 
mended that CEA be conducted from a societal perspective, 
and that a lifetime horizon be employed, since only these 
approaches avoid allocation biases that may be introduced 
by a narrower approach. 67-69 In addition, it is not possible to 
compare the different CEAs, as no universal outcomes were 



indicated. Finally, some experts in this field believe that 
CMA is an appropriate method of analysis, but only under 
rare circumstances. 70 - 71 Taken together, due to methodological 
ambiguity, conclusions from the reported CEAs and CMAs 
cannot be easily derived. 

TAM studies are defined in the National Library of 
Medicine's controlled vocabulary thesaurus as "the observa- 
tion and analysis of movements in a task with emphasis on the 
amount of time required to perform the task". 72 TAM studies 
have proven to be the gold standard method to measure and 
quantify clinical workflow. 73 

The collection of observational data for ESA treatment- 
related activities should allow for a realistic estimation of 
the average times spent on each activity. Tasks suitable for 
the TAM studies were the activities related to the prepara- 
tion, distribution, injection, recordkeeping, and ordering of 
ESAs. 46-48 Of particular note, the respective portion of these 
activities shows a significant variation in different clinical 
settings. For example, in ambulatory dialysis units, frequent 
ESA dosing places a substantial burden on nursing time, 
whereas self-administration of long-acting ESAs at home is 
often routine for peritoneal dialysis patients. 30 - 42 

In parallel to the landmark study conducted by Schiller 
et al, 30 all three TAM studies included in this review esti- 
mated that 1 00% conversion to once-monthly CERA would 
reduce nursing ESA administration time by approximately 
80% in dialysis units. While costs were not investigated in 
the reports by De Cock et al 47 and Klatko and Felisiak, 48 
respectively, Saueressig et al 46 estimated a resultant cost 
savings of between 35%— 58%. 

Here, an important question arises: can time be eas- 
ily translated into monetary units? All three TAM studies 
were multicenter-based, which can be a strength but also a 
weakness. 46-48 From the current author's point of view, these 
data should be interpreted with caution, as well known limi- 
tations of TAM studies are their extreme variability in time 
for prespecified tasks, and in the results observed between 
different centers and treatment settings (for example, public 
hospital versus private practice settings), making the pooling 
of data with the equal weighting of each center difficult. The 
inclusion of different regional locations, and even different 
EU countries with entirely different health care systems, 
further complicates generalization of these results. 

Financial reasons were the driving force behind the 
development of biosimilar erythropoietins that were intro- 
duced after patents of short-acting ESAs had expired. 74 EPO 
biosimilars approved by the European Medicines Agency or 
the US FDA have been shown to have a comparable efficacy 
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and safety profile to their originators. 75 Unfortunately, studies 
comparing the costs between CERA and biosimilar erythro- 
poietins are still absent in the literature. 

Effective long-acting competitors on the ESA market are 
DA and CERA, with Amgens' DA acting as a "monopolist" 
on the US market. 21 In this context, a marketing survey 
assessed nephrologists' interest in and anticipation of the 
expected 2014 arrival of CERA on the US market. 76 Half 
of the surveyed nephrologists believed that approximately 
40% of their CKD patients are potential CERA candidates, 
suggesting that CERA could have a significant impact on the 
US renal anemia market in the coming years. 76 Despite these 
survey results, the fate of CERA on the highly competitive 
US market is currently unpredictable. 

Conclusion 

As safety concerns for CERA are still limited and recent 
studies have demonstrated similar efficiency compared to DA 
and conventional short-acting ESAs, the cost-effectiveness 
of CERA could become the pivotal reason for clinicians to 
prescribe this remedy. Unfortunately, the current literature 
provides only little evidence to support such a decision. 
Therefore, well-designed head-to-head studies with defined 
endpoints directly comparing costs in similar patient popula- 
tions treated with equipotent CERA and comparator doses 
are now urgently needed. 
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